Exposure to various endocrine disrupting chemicals (EDCs) can lead to adverse effects on reproductive physiology and behavior in both animals and humans. An adequate strategy for the prevention of environmental contamination and eliminating the effects of them must be established.
INTRODUCTION
Endocrine disrupting compounds (EDCs) can be classified into different groups. These groups include synthetic and natural hormones, drugs with hormone-like side effects, phyto-and mycoestrogens, industrial and household chemicals, products or byproducts of industrial and household processes, pesticides and their metabolites. Certain heavy metals, such as cadmium and lead, are also known to affect the endocrine system (Diamanti-Kandarakis et al. In this study, we intended to reveal how effective RBF and the total drinking water treatment process are in the removal of estrogenic compounds. We investigated the wastewater effluents of wastewater treatment plants (WWTPs) affecting the quality of river water, riverbank infiltrated water and drinking water purification steps sampled in different seasons using high-performance liquid chromatography-mass spectrometry (HPLC-MS) and a yeast assay. HPLC-MS quantified the amount of three widely known estrogenic EDCs (BPA, E2 and EE2), and the yeast assay evaluated the total estrogenic activity of the estrogenic EDCs present in the samples.
MATERIALS AND METHODS

Sampling sites and design of sampling
The waters were investigated at two RBF sites (DWTP 1 and DWTP 2), which are located in alluvial sand and gravel aquifers having hydraulic conductivities of 15-150 m/day and thickness of exploited aquifers ranges from 1.5 to 15 m. The distance between the riverbank and production wells is >20 m and travel times are 0-20 days. Water was extracted along a riverbed using several vertical and collector wells with laterals.
At DWTP 1, well water is directed to the drinking water system after chlorination. At DWTP 2, the well water after ozonation, sand filtration and chlorination is directed to the water distribution system. The schematic illustrations of the two different drinking water systems are shown in Figure 1 .
Both DWTPs are situated on the same river, which is the recipient of treated communal and industrial sewages. The sampling points of DWTP 1 were sewage water effluent (treated sewage affected the quality of river water), river water, RBF raw water (well), water before chlorination, and drinking water (at waterworks and at the consumer endpoint).
The sampling points of DWTP 2 were sewage water effluent (treated sewage affected the quality of river water), river water, RBF raw water (well), water after ozonation, water after sand filtration, and drinking water (at waterworks and at consumer endpoints in two locations). Comparing the two DWTPs, the aquifer system of DWTP 2 is more vulnerable to pollution coming either from the river or from shallow groundwater. This area is industrialized; a highway with very heavy traffic crosses here and there is also agricultural activity. The treated sewage waters were collected from WWTPs processing 200,000 (DWTP 1) and 80,000 (DWTP 2) m 3 sewage per day and equipped with modern technologies for mechanical, biological treatment, nitrogen, phosphorus removal and final UV disinfection/chlorination. During the investigation period, each site was sampled twice, once in the fall of 2015 and once in the spring of 2016. The mean water levels and runoff of the raw surface water were 76 cm and 750 m 3 /s in the fall and 305 cm and 3,000 m 3 /s in the spring.
Solid phase extraction
One liter of each collected water sample was concentrated by solid phase extraction (SPE) using Strata TM X Phenomenex polymeric reversed phase (200 mg/6 mL, 8B-S100-FCH). All glassware used for YES was washed, rinsed twice with ethanol and dried at 120 C for 2 hours. Before extraction, 10 mL methanol was added to the 1 L water sample. The suspended particles were then removed by filtration through paper filters with pore sizes of 0.2 μm (Durapore ® membranes made with polyvinylidene fluoride (PVDF)) to avoid SPE cartridge clogging. The SPE cartridge was activated with 8 mL methanol and later washed with 8 mL of a water:methanol solution (95:5). Next, the water sample was loaded into the SPE column with a flow rate of 6 mL/min. The cartridge was washed with 10 mL of methanol:water (1:1), followed by 10 mL of acetone:water (1:2), and then dried. Finally, the estrogenic chemicals were eluted with 10 mL of methanol and the solvent was concentrated to 500 μL using a slow nitrogen gas flow.
The extract was stored at À20 C in a 1.5-mL glass vial with a screw cap until final analysis (Hong ). The mean recovery of this SPE method 87, 90 and 129%, when distilled water were spiked with 2, 1 and 0.1 ng/L E2, respectively (Hong ).
YES procedure
The estrogenic activity of SPE samples was evaluated using with 175 μL of the assay medium containing yeast cells, and the covered plates were incubated at 30 C in an incubator (PLO-EKO Aparatura) for 1 day. Next, 25 μL of CPRG (40 mg/mL) was added to each well and the plates were incubated for two more days. The color development was measured at 540 nm, and the turbidity of the yeast cell biomass was read at 620 nm (Labsystems Multiskan MS). The initial absorbance at 620 nm was adjusted to 0.1. Concentrations of the standard E2 (2.7 pg/L to 2,700 ng/L in methanol) were also analyzed in parallel as a positive control, and each plate contained negative control wells consisting of methanol alone, and blank wells that contained no organism but were treated in the same way as the other replicates in the sample. Each test substance was analyzed in duplicate and repeated three times. The relative growth was calculated to assess possible toxic effects of the sample. The mean corrected absorbance was used for subsequent statistical evaluation and the construction of a concentration-response curve (Hong ) . The calibration of the standard curve was performed with the four-parametric logistic function (Findlay & Dillard ) . To determine E2 estradiol equivalents (EEQ), the absorbance of the sample extracts was interpolated in the linear range of the corresponding estradiol standard curve (Hong ) .
The obtained EEQ concentration shows that the estrogenic activity of the sample is equivalent to the estrogenic activity of an equally concentrated E2 solution. The detection limit (LOD) of the yeast assay for the E2 standard was 27 pg/L, while the lowest limit of quantification (LOQ) was 0.5 ng/L EEQ. The accuracy of this method is 92-99% (confidence levels 95%), the precision is 83%, however at the lowest concentrations it is only 58% (Hong ).
HPLC-MS
E2, EE2 and BPA content of the concentrated (cc. 2000×) water samples was determined by HPLC-MS. Samples were extracted using the same protocol as defined by YES procedure, but in order to enhance sensitivity they were derivatized with danzyl chloride prior to injection. The derivatization procedure and the analysis was performed as described in our previous works (Avar et al. a, b) with small modifications: Fifty μL of each derivatized sample was injected three times. The initial composition of the gradient was 50% solvent B (0.01% v/v formic acid in acetonitrile) and it was kept constant for 5 minutes. The percentage of eluent B was increased to 99 in 3 minutes. B was kept at 99% for 6.9 minutes, and the column was equilibrated for 15 minutes. Capillary temperature was set to 300 C while the probe heater temperature was 450 C. RF of the S-lenses was set to 100. Sheath and auxiliary gas flow rates were set to 80 and 20 arbitrary units, respectively.
One arbitrary unit of sweep gas was applied. The energy in the high-energy collisional-induced dissociation (HCD) cell was set to 50% by E2 and EE2 and 35% by BPA. The relative growth of the yeast was between 0.9 and 1.1, therefore none of the samples showed toxicity on yeast cells. Detailed results of the yeast assay and the HPLC-MS measurements are shown in Tables 2 and 3 and Figures 3 and 4.
Results of DWTP 1
In the case of DWTP 1, the treated sewage water in both the fall and spring (6.8 and 25.7 ng/L EEQ), while river water only in spring, showed estrogen activity (1.2 ng/L EEQ)
according to the yeast screen. 
Results of DWTP 2
In the case of DWTP 2, the treated sewage water in both the fall and spring had estrogen activity less than LOQ, while river water only in spring (0.5-9.2 ng/L EEQ), showed estro- the maxima in cold water could be 0.25 mg/L and 10 ng/L, respectively. Stagnation of water in pipes prior to sampling increases the BPA concentration in cold water (Rajasärkkä et al. ) . Therefore, the striking BPA content of consumer endpoint 'b' may originate from the old and repaired water pipes. Based on the revised drinking water The speed of biodegradation of these substances is often too slow (half-life up to 5 days) to allow complete removal before they reach water sources (Wenzel et al. ; Adeel et al. ) . Synthetic estrogen EE2 is more persistent in the environment than natural estrogens, and their presence in water is a greater cause for environmental concern (Adeel et al. ). During HPLC-MS measurements, E2 The estrogenic potential of a chemical is expressed as a relative potency to the reference compound 17β-estradiol (E2). If the potency of 17β-estradiol (E2) is 100%, the relative potency of ethinyl-estradiol (EE2) is 88.8% and bisphenol A (BPA) is 0.005%, which were measured in this study (Coldham et al. ) . In general, it is expected that the measured activity in the YES, which includes all potential estrogenic chemicals, is higher than the calculated activity based on HPLC-MS measurements. Jobling et al.
() demonstrated that the chemical analysis and the YES are not comparable and the estrogenic activity (EEQ) of the water samples did not correlate well with the concentrations of individual steroidal estrogens measured, which is supported by our study. This lack of correlation could be due to the presence of anti-estrogenic compounds in the samples, which would reduce the response seen in the yeast assay. The signal obtained by YES is more relevant from the water quality perspective as interactions between chemicals are detected and therefore could have a higher predictive value when possible effects need to be measured (Jobling et al. ) .
CONCLUSIONS
Our study confirms that estrogenic chemicals are present in sewage water effluents and raw surface river water of DWTPs. Very low estrogen activity and pg/L concentrations of BPA and E2 have been detected during drinking water processing and occasionally in drinking water. RBF and applied water treatment procedures do not seem to be suitable for the total removal of estrogenic compounds. Local contaminations can play a role in increasing the BPA content of the drinking water at the consumer endpoint.
Further extensive studies are necessary at drinking water treatment plants using surface river water, which combine biological assays with the measurement of carefully selected chemical compounds adapted to local features. Our data provide limited information on BPA and E2 concentrations and estrogenic compounds in drinking water. The database should be enhanced to offer a wider picture, and samples should be analyzed at the consumer endpoint.
